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Abstract 
The separation of plasma from human blood is usually the initial step prior to blood analysis. In order to achieve a 
fully integrated blood analysis on chip, a method to efficiently separate high quality plasma from blood is crucial. 
Fluidic vortices in backward-facing step geometries are widely used for separation or focusing of particles/cells in 
solution. We introduce and optimize a novel corner structure which enhances the vortex area, responsible for the 
separation effect, by a factor of approximately 6. In the simulation study, two parameters of the chip geometry (angle 
of the corner structure and step height) are varied independently. Final results of particle traces with particle 
properties similar to human red blood cells show promising results for applying such structures in blood plasma 
separation chips. 
 
© 2011 Published by Elsevier Ltd. 
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1.Introduction 
Backward-facing step geometries are well-established channel structures to generate vortices in 
microfluidic channels. Microscale laminar vortices have been used to fabricate micromixers and to focus 
or separate particles/cells [1, 2]. Recently, backward-facing steps have also been applied to separate 
plasma from blood [3]. 
In clinical hematology, the separation of plasma from blood routinely is the first step before blood 
components are analyzed. It has been shown that separation of plasma can be conducted on microfluidic 
platforms [3-6]. 
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The aim of this work is an enhancement of the vortex growth in the expansion region of a backward-
facing step to further increase the amount of extracted plasma. To our knowledge, this is the first time a 
corner structure was employed in backward-facing step geometry. 
2.Materials and Methods 
A schematic of the investigated microfluidic channel is depicted in Fig. 1. The width of the inlet 
channel and the plasma outlet is 100μm and 50μm, respectively. A uniform channel depth of 100μm was 
applied. As shown in the detailed view, the angle of the corner structure Į and the step height h were 
varied. 
 
 
Fig. 1. Schematic of the proposed chip design showing the corner structure in detail. (Į … angle of the corner 
structure, h … step height) 
 
The numerical simulations were performed utilizing a commercial CFD solver (COMSOL 
Multiphysics 4.1). The incompressible Navier-Stokes equations were applied, assuming steady state 
conditions. At the boundary walls a non-slip condition was employed. The density and viscosity of water 
was assigned to the properties of the liquid media. Subsequently, red blood cells were modeled as 
spherical particles and particle traces were evaluated. 
 
 
Fig. 2. Backward-facing step with (a) and without (b) optimized angle of corner structure (Į = -20°) at a volume flow 
rate of 100μL/min and a step height of h = 200μm. Color/Grayscale of streamlines indicates velocity magnitude 
[m/s]. 
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3.Results and Discussion 
In Fig. 2 the velocity streamline plots of the optimized corner structure versus the plain backward-
facing step are compared at a flow rate of 100μL/min. This basic model shows that the corner structure 
induces vortices at flow rates where no vortices can be observed in plain backward-facing step geometry. 
Further, the influence of the step height h (100μm, 200μm and 300μm) with varying the angle of the 
corner structure Į (+20°…-90°) was investigated. These results were compared with a plain backward-
facing step. Using the area of the vortices as the determining characteristic, Fig. 3 was evaluated. In 
general, the corner structure is enhancing the growth of vortices, independent of the angle and the step 
height. Additionally, an optimized angle Į = -20° can be determined by the maximum growth of the 
vortex area. The optimization of the novel corner structure yielded an enhancement of the vortex area by a 
factor of approximately 6 (for h = 100μm and h = 300μm, flow rate of 200 μL/min). 
 
 
Fig. 3. Area of vortices [pxl] depending on step height h and angle of corner structure Į. All simulations were carried 
out at a volume flow rate of 200 μL/min. The red/dotted line corresponds to h = 300μm, green/dashed line to h = 
200μm and blue/solid line to h = 100μm, respectively. 
 
In a final simulation, red blood cells have been modeled as spherical particles, assuming a diameter of 
8μm and a weight of 90pg, see Fig. 4. Particle traces of 100 particles were calculated and plotted for the 
optimized corner structure design. This result implies that the efficiency and plasma yield of blood plasma 
separation chips can be significantly increased by introducing corner structures. 
4.Conclusion and Outlook 
In this study a novel structure at the corner of backward-facing step geometry is presented. Simulations 
showed that the corner structure enhances vortex growth and hence separation efficiency. A range of 
different step heights and angles of the corner structure have been simulated. The results allowed finding 
an optimum angle of Į = -20° for the corner structure. Applying the optimized angle, the vortex growth 
can be enhanced by a factor of 6 compared to plain backward-facing step channels. 
 
442  A. Haller et al. / Procedia Engineering 25 (2011) 439 – 442
 
Fig. 4. Particle traces of 100 particles modeled as human red blood cells (׎= 8μm, m = 90pg) at a volume flow rate 
of 200μL/min, angle of corner structure Į = -20°, step height h = 200μm. Color/Grayscale of particle traces indicates 
velocity magnitude [m/s]. 
 
These promising simulation results indicate that the yield of high quality plasma can be further 
increased on microfluidic platforms with our optimized corner structure. Red blood cells have been 
modeled and a particle trace, illustrating a successful separation, has been performed. 
Future work will include experimental verification of the presented simulation results. 
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